Introduction
Congestion in vehicle traffic is one of familiar phenomena observed in highways and city streets. Congestion phenomena are also observed in flows of various granular materials such as pedestrians and logistics, and have been attracting research interests. Since 1990's traffic flow have been studied in a physics point of view through theoretical and simulation methods. [1] [2] [3] [4] [5] [6] [7] [8] In particular, experimental studies have been conducted recently and phase transition from free flow to congestion has been confirmed. [9] [10] [11] [12] [13] Highways usually have multiple lanes, where some interesting phenomena different from those on single-lane roads are observed. Figure 1 shows the ratio of the flow on the slow lane to the total flow observed on a Japanese two-lane highway. As the total flow increases, the ratio becomes less than the half. In other words, the flow on the fast lane exceeds that on the slow lane, though the Japanese traffic law requires cars to run on the slow lane and allows cars to run on the fast lane only for overtaking. We call this phenomenon as "reverse lane usage". The same phenomenon has been reported also in Germany. 14) Two lane extentions of traffic flow models have been studied. Nagatani extended the simplest traffic flow model, Wolfram's rule-184 cellular automaton, for constructing a two lane model. 15) Rickert et al. introduced lane-changing rules into the Nagel-Schreckenberg (NS) cellular automaton model. 16) Mixed flow of slow and fast cars in two lane roads has been studied based on the NS model 17) and the Fukui-Ishibashi model. 18) Nagel et al. surveyed varieties of lane-changing rules. 14) Two lane models have been also used for studying effects of a single slow car 19) and blockades. 20) A few studies have focused on reverse lane usage however. The phenomenon has been reproduced using an extended NS model, where the lane-changing rule contains suppression of overtaking through the slow lane. 14) The phenomenon has also been reproduced using the coupled-map Optimal Velocity model, where cars can overtake through both lanes but cars on the fast lane run faster than those on the slow lane. [21] [22] [23] Let us consider the n-th car. The position, the speed and the distance to the preceding car are denoted by x n , v n , and ∆x n = x n+1 − x n , respectively. The speed is updated by the following three steps:
Acceleration: Accelerate by 1 in the range up to the maximum speed v max ,
Deceleration: Decelerate so as not to collide with the preceding car,
Randomization: Decelerate by 1 with probability p,
After the speeds of all cars are updated, cars run with the new value of speeds. Thus the positions are updated virtually in parallel.
Two-lane NS model
In this section, we will construct a two There is another car running ∆x nb behind on the adjacent lane. Table I ). It consists of that the preceding car on the same (slow) lane runs slower than the car focused on, and that the preceding car on the adjacent (fast) lane runs faster than the 5/15 preceding car on the same lane,
For lane changing from the fast lane to the slow lane, the common condition is to request for returning to the slow lane in the case of no need to keep running on the fast lane (D R , see the lower row in Table I ) . It is that the speed of the preceding car on the adjacent lane is faster than that of the car focused on,
If the preceding cars are distant enough, drivers do not care about the speed of those preceding cars. For this effect, we introduce the distance of vision d. If a preceding car on any lanes is distant over d, the speed of it is set infinite. In other word, drivers measure the speed of the preceding cars only within the distance d. The distance of vision d is mainly set to 16.
We remark that d = 16 corresponds to about 100m if v max ≃ 120km/h.
Next we construct the safety condition (S) for lane changing. This condition is common to the two types. For avoiding collision, the following condition must be satisfied,
where v * max denotes the maximum speed of the car running behind on the adjacent lane seen from the focused car. In all sections except Sect. 6, We investigate the relation between the Japanese type of the lane-changing rule and the reverse lane usage in this section. In the Japanese type, as mentioned previously (Table I) 
The safety condition consists of only the common part represented by Eq. (6).
The maximum speed on the fast lane v 
Even if the slow lane is clear, a car cannot move to the slow lane if the preceding car is slower than itself. The car must give room for the preceding car to return to the slow lane. As in the Japanese type, the safety condition consists of only the common part represented by Eq. (6).
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For observing the effects of the suppression of overtaking through the slow lane, we perform two types of simulations: with and without the suppression. In the system without the suppression, the condition of the demand for lane changing consists of only the common parts. For this purpose, we set the same maximum speed for cars on both lanes. For the effects of the distance of vision d, we find, in Fig. 4(b) , the same effects as in the Japanese type. If the distance of vision is short, d = 5, the reverse lane usage does not occur. The longer the distance of vision is, the greater the chances to change lanes are.
Mixed traffic of trucks and passenger cars
In this section, we investigate the reverse lane usage in mixed traffic of trucks (slow cars) and passenger cars (fast cars), where the maximum speed of each car depends only on whether the car is a truck or a passenger car. In this section, v * max in the safety condition (Eq. (6)) denotes the maximum speed of the car running behind on the adjacent lane seen from the focused car.
For both the Japanese and the German type, we set the maximum speeds of passenger cars to v car max = 6 and those of trucks to v truck max = 5. The ratio of passenger cars to all cars is set to 90%, 50% and 10%. 
Stochastic lane changing
We have assumed, so far for simplicity, that a car moves to the adjacent lane whenever the car has the demand for lane changing and satisfies the safety condition. In real highways, of course, cars move to the adjacent lane stochastically even if the conditions are fulfilled. In this section, we study the effects of stochasticity in lane changing on the reverse lane usage.
In the following, we set the probability p L of lane changing equal for both motions, from the slow lane to the fast one and from the fast lane to the slow one. The probability p L is set to 100%, 75% and 50%. For the Japanese type, the maximum speed is v Simulation results are shown in Fig. 6(a) for the Japanese type and Fig. 6(b) for the German type. All cases show the occurrence of the reverse lane usage. And we also find that the stochasticity in lane changing does not affect the results significantly.
Summary and discussion
In this paper, we have studied the reverse lane usage using an extended Nagel- We have introduced the distance of vision d within which a car observes the speeds of the preceding cars on both lanes. We have observed that, in both the Japanese and the German type, if d is short (resp. long), the reverse lane usage does not (resp. does) occur. This is because the longer the distance of vision is, the greater the chances to change lanes are.
The effects of inhomogeneity of speed have been studied. We have prepared mixed traffic of trucks (slow cars) and passenger cars (fast cars). By naive expectation, it is guessed that passenger cars may use the fast lane and trucks do the slow lane, and that the reverse lane usage may occur even in the case of equal maximum speed on both lane for the Japanese type. However, it does not occur. Mixed traffic does not affect the results significantly.
We also have found that the stochasticity in lane changing does not affect the results significantly. 
